Transmission of Streptococcus mutans, a major dental caries pathogen, occurs mainly during the first 2.5 years of age. Children appear to acquire S. mutans mostly from their mothers, but few studies have investigated non-familial sources of S. mutans transmission. This study prospectively analysed initial S. mutans oral colonization in 119 children from nursery schools during a 1.5-year period and tracked the transmission from child to child, day-care caregiver to child and mother to child. Children were examined at baseline, when they were 5-13 months of age, and at 6-month intervals for determination of oral levels of S. mutans and development of caries lesions. Levels of S. mutans were also determined in caregivers and mothers. A total of 1392 S. mutans isolates (obtained from children, caregivers and mothers) were genotyped by arbitrarily primed PCR and chromosomal RFLP. Overall, 40.3 % of children were detectably colonized during the study, and levels of S. mutans were significantly associated with the development of caries lesions. Identical S. mutans genotypes were found in four nursery cohorts. No familial relationship existed in three of these cohorts, indicating horizontal transmission. Despite high oral levels of S. mutans identified in most of the caregivers, none of their genotypes matched those identified in the respective children. Only 50 % of children with high levels of S. mutans carried genotypes identified in their mothers. The results support previous evidence indicating that non-familial sources of S. mutans transmission exist, and indicate that this bacterium may be transmitted horizontally between children during the initial phases of S. mutans colonization in nursery environments.
INTRODUCTION
Streptococcus mutans, a major pathogen of dental caries, can colonize the mouth of children at an early age, depending on the presence and intensity of factors that favour its transmission and establishment in the oral cavity. Control of this cariogenic organism is difficult once the bacteria achieve significant levels in the oral cavity at early ages (Köhler et al., 1983 (Köhler et al., , 1988 Emilson et al., 1987) . Strategies that interfere with the initial establishment of S. mutans are desirable (Köhler et al., 1983) . The transmission of S. mutans among adults or older children is apparently difficult (Saarela et al., 1993; Emanuelsson et al., 1998; Redmo Emanuelsson & Thornqvist, 2001 ). The initial colonization by S. mutans was investigated in a prospective study of 46 US children from birth to 5 years of age whose mothers carried high levels of S. mutans (Caufield et al., 1993) . From that study, a window of infectivity was defined as the period from 19 to 31 months of age, when the risk of S. mutans acquisition was apparently high. The establishment of a competitive, complex microbial community after complete eruption of teeth (by 30 months of age) and after maturation of IgA antibody responses to S. mutans antigens may partially explain the decreasing risk of colonization after this initial window of infectivity Nogueira et al., 2005 Nogueira et al., , 2007 . However, several factors might influence the initial age of S. mutans acquisition, for example the extent of sucrose intake (van Houte et al., 1982) and the frequency of salivary contact with S. mutans-colonized subjects (Köhler et al., 1983) . Mothers have been defined as the main source of S. mutans transmission to children (Berkowitz & Jordan, 1975; Rogers, 1977; Köhler et al., 1983; Li & Caufield, 1995; Li et al., 2000; Redmo Emanuelsson & Thornqvist, 2001 ), but other familial and non-familial sources of transmission may also exist (Kozai et al., 1999; Mattos-Graner et al., 2001b; Klein et al., 2004) . The identification and understanding of the sources and course of S. mutans transmission are important to define strategies to control the initial colonization. Several studies suggest that pathogenic species of the upper respiratory tract, such as Haemophilus influenzae, Streptococcus pneumoniae and Moraxella catarrhalis, are more prevalent and persistent, and are transmitted horizontally among children in day-care centres (Pons et al., 1996; Yano et al., 2000; Peerbooms et al., 2002; Sá-Leão et al., 2008) . The salivary contact between nursery children during a phase of initial establishment of their oral microbiota and maturation of the immune response might also contribute to the transmission of oral micro-organisms. A significant proportion of young child populations regularly attend day-care centres worldwide. In this study, we investigated potential sources of S. mutans transmission in day-care nurseries in a prospective study of infants from nursery cohorts, their respective day-care caregivers and their mothers.
METHODS
Population and study design. The study population comprised 160 children aged 5-13 months at baseline and 91 caregivers from 28 municipal day-care nursery schools [Escolas Municipais de Ensino Infantil (EMEIs)] in the city of Piracicaba, São Paulo, Brazil. These children were enrolled in a previous study to analyse patterns of salivary IgA antibody response to S. mutans antigens (Nogueira et al., 2005) . As a positive control for S. mutans transmission, 15 mothers of a subset of 16 children who carried high levels of S. mutans at the end of the study were also analysed. Children spent a 10 h daily period, 5 days a week, in these EMEIs. All of the EMEIs followed the same policy for care provision; thus a nearly homogeneous sucrose-rich diet was provided to children. Exposure to fluoride, habits of oral hygiene and dietary schedules were similar among these EMEIs, as described in detail elsewhere (Mattos-Graner et al., 1998 , 2001a .
Clinical and microbiological examinations were performed on children at baseline (T 0 ), and after 6 (T 6 ), 12 (T 12 ) and 18 (T 18 ) months of follow-up, for determination of caries development and oral levels of S. mutans. Microbiological examinations were also performed in 91 caregivers at T 6 or T 12 , when initially colonized children were observed. Genotypic identities of S. mutans were compared among isolates from children who attended the same nursery and among isolates from children and their respective caregivers. All of the clinical examinations and sample collections were performed by one of the authors (A.C.A) after calibration (with R.D.N.). At the end of the follow-up period (T 18 ), 119 children (74.3 %) remained in the study. Forty-one children did not continue in the study because they were not present in the EMEIs at the follow-up examinations or because they no longer lived in the city. Only children whose mothers provided informed consent were enrolled in the study, which was previously approved by the Ethical Committee of the Piracicaba Dental School, University of Campinas (protocol no. 110/2002).
Clinical examinations. Clinical examinations were performed using a sterile mouth mirror and portable light to evaluate the presence of erupted teeth and/or caries lesions, as described in detail elsewhere (Mattos-Graner et al., 2000 , 2001a . The mothers of children who showed caries lesions were informed and treatment was arranged at the Dental Clinic for Baby Treatment of the Centro de Atendimento de Pacientes Especiais (CEPAE), at the Piracicaba Dental School, University of Campinas. All of the transport costs for attending the CEPAE were provided to the families.
Microbiological analysis. Levels of S. mutans were determined in oral samples collected with sterile tongue blades, which were introduced into the mouth, moistened with saliva and pressed on both sides against the dorsum of the tongue. Each side of the tongue blade was then pressed onto the surface of mitis-salivarius agar containing 15 % sucrose and 3.3 mg bacitracin l 21 in a RODAC plate (Mattos- Graner et al., 2000) . The plates were incubated in candle jars at 37 uC for 48 h. The number of c.f.u. of S. mutans was determined with the aid of a stereomicroscope and expressed as number of colonies in a pre-determined area of the tongue blade impression (c.f.u. per area). Approximately eight colonies representative of the observed colonial morphologies were then cultivated in Todd-Hewitt broth and pure streaked on mitis-salivarius agar. All pure culture samples were frozen at 270 uC in skimmed milk (Difco).
Analysis of the genetic diversity of S. mutans by arbitrarily primed PCR (AP-PCR). S. mutans isolates were analysed by AP-PCR as described previously (Mattos-Graner et al., 2001b) . Briefly, genomic DNA was purified from S. mutans cultures using a MasterPure kit (Epicentre Technologies). The concentration and integrity of the samples were evaluated by spectrophotometry (A 260 ) and analysis in 1 % agarose gels stained with ethidium bromide. PCRs were performed with primer OPA02 (59-TGCCGAGCTG-39) and OPA03 (59-AGTCAG-CCAC-39) (Invitrogen). Thermal conditions were initial denaturation at 95 uC for 5 min, followed by 45 cycles of 95 uC for 30 s, 36 uC for 30 s and 72 uC for 1 min. Amplicons were electrophoresed at 5 V cm 21 in 1.5 % agarose in Tris/borate/EDTA and stained with ethidium bromide. Digital images of stained gels were captured with a Gel Logic 100 Imaging System (Pharmacia Biotech).
A total of 1392 S. mutans isolates were analysed during the study (819 from children, 448 from caregivers and 125 from mothers). After initial visual screening of all AP-PCR profiles for each subject, AP-PCRs were rerun with isolates representative of each AP-PCR profile detected in each subject in order to perform side-by-side comparisons between child-child, child-caregiver and child-mother pairs. Gel images of these second sets of AP-PCR were obtained as described above.
Chromosomal DNA RFLP. Isolates identified in different subjects but representing the same AP-PCR profile were subjected to chromosomal DNA RFLP analysis to confirm genotypic identity. RFLP was performed as described elsewhere (Mattos-Graner et al., 2001b) . Briefly, genomic DNAs were purified using phenol/chloroform and samples of 10 mg chromosomal DNA were digested for 3 h with HaeIII (Invitrogen) at 37 uC. DNA fragments were then resolved on a 0.5 % agarose gel in Tris/borate/EDTA at 1.4 V cm
21
. After staining of the gel with ethidium bromide, digital images were captured under UV light as described above.
Data analyses. AP-PCR profiles were analysed using Fingerprinting II Informatix software version 3.0 (Bio-Rad) for calculation of the Dice coefficients of similarity. Isolates were considered to be the same genotype when the AP-PCR profiles showed a Dice coefficient equal to or greater than 95 %. This cut-off value has been shown to provide high agreement between AP-PCR profiles and RFLP fingerprinting (Li & Caufield, 1998) . Consistencies between AP-PCR profiles generated in replicate assays were also checked by visual analysis. RFLP profiles were visually compared between strains representing identical AP-PCR genotypes (Dice coefficient ¢95 %). Comparisons of the frequencies of children with detectable levels of S. mutans, the number of S. mutans genotypes and caries development over time were evaluated using a x 2 test. Spearman's correlation analysis was applied to analyse associations between levels of S. mutans and the number of caries lesions that developed during the study. Associations between age and number of erupted teeth with S. mutans levels and caries lesions were also analysed at each phase of the study, as the studied children were within an age range of 8 months. The levels of S. mutans and number of genotypes were compared between children who remained caries-free or who developed caries lesions during the study by a Mann-Whitney U-test.
RESULTS AND DISCUSSION
S. mutans colonization, genotypic diversity and caries development in nursery school children At baseline (T 0 ), S. mutans was detected in only 5.6 % of children. Two pre-dentate children showed detectable levels of S. mutans, indicating that some of the isolates analysed in this study might be from the tongue or other mucosal surfaces. No S. mutans strains could be recovered in further examinations in these two children, suggesting that the strains initially detected were transitory. The prevalence of S. mutans at each phase of the study is depicted in Table 1 . Caries lesions (cavities) were detected at baseline and affected 20.1 % of children (n524) at the end of the study (T 18 ). Except for one child, all other 23 caries-affected children carried detectable levels of S. mutans. These 23 children represented 47.9 % of all of the children detectably colonized with S. mutans (n548) at T 18 . No significant differences were observed in mean age and mean number of teeth between the groups of S. mutans-positive and S. mutans-negative children at each study phase (data not shown). Levels of S. mutans (c.f.u. per area) were associated with the number of caries lesions at T 12 and T 18 (Spearman correlation: r50.53 and r50.55, respectively, at T 12 and T 18 ; P ,0.001), but did not correlate with age (r 50.14 and r 50.02 at T 12 and T 18 , respectively; P .0.05) or number of erupted teeth (r 50.17 and r 50.10; P .0.05). Median oral levels of S. mutans were significantly higher among children with cavities when compared with caries-free children at T 12 (82.5 vs 0 c.f.u. per area) and T 18 (96 vs 0 c.f.u. per area) (MannWhitney; P ,0.001). High levels of S. mutans (¢100 c.f.u. per area) were detected in 0.6, 5.0, 8.5 and 16 % of children at T 0 , T 6 , T 12 and T 18 , respectively.
Between 20 and 35 % of the detectably colonized children carried more than one S. mutans genotype during the study. The frequencies of children with more than one genotype in the caries-free and caries-affected subsets are shown in Table 1 . The number of genotypes per child did not increase significantly during the study (Table 1) , although the levels of S. mutans colonization increased from T 0 /T 6 to T 12 /T 18 in several children (data not shown). In addition, the frequencies of more than one genotype were not associated with oral levels of S. mutans in each phase of the study (x 2 test, P .0.05; data not shown), in agreement with our previous observations in a similar nursery population (Mattos- Graner et al., 2001b) . Several S. mutans genotypes identified in the early phases of this study (22.5 %) could still be recovered at the 1 year followup (T 12 ), as shown in Fig. 1 , supporting the notion that S. mutans clones can successfully colonize the oral cavity at a very early age. However, fluctuations were also observed in the detection of specific genotypes.
S. mutans transmission in nursery school cohorts
Previously, we reported a case of two children with high levels of S. mutans attending one public nursery school who carried the same S. mutans genotype (Mattos- Graner et al., 2001b) . Sharing of S. mutans strains among nursery children was later reported in a day-care nursery in Japan (Tedjosasongko & Kozai, 2002) . Among the 28 EMEIs studied, 19 (67.8 %) were shown to have at least two children who were colonized with S. mutans during the study. In seven of these 19 EMEIs, at least two children were found to share similar AP-PCR profiles (Dice coefficient ¢95 %). Four of these pairs (21.1 %) shared identical S. mutans RFLP profiles (Fig. 2) . Except for one pair of children who were siblings, the other three cohorts (15.8 %) had no contact outside the EMEIs. Interestingly, DIsolates from three children could not be recovered.
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two to four distinct genotypes were identified per child in two of these cohorts, which may indicate that these children were challenged with multiple S. mutans genotypes. The genotypes shared by nursery cohorts were detected at T 12 and T 18 , when children were within the window of infectivity. In a preliminary study of one child pair, the shared S. mutans genotype continued to be detected 10 months after the T 18 examinations (data not shown). No similar S. mutans genotypes were detected among children from different EMEIs (data not shown).
S. mutans transmission between day-care caregivers and children
There are two possible explanations for detection of matching of S. mutans genotypes among nursery children cohorts. One is that the shared S. mutans genotypes were transmitted laterally between children by direct or indirect salivary contact. Alternatively, the co-colonized children could have been exposed to a common transmission source in the nursery environment, e.g. their day-care caregivers. Among the 66 caregivers who provided care to the S. mutanscolonized children, 92.4 % showed detectable levels of S. mutans, and more than half of these caregivers (n534) carried high levels of these bacteria (¢100 c.f.u. per area), indicating the potential for S. mutans transmission. Thirty caregivers were colonized by only one S. mutans genotype. The frequency of colonization by more than one genotype was not associated with oral levels of S. mutans in these subjects (x 2 52.26, P50.322). Despite the high prevalence of S. mutans in the caregivers, no genotype matching was found between caregivers and the respective children.
S. mutans transmission between mothers and children
Because mothers are recognized as the main source of S. mutans transmission (Berkowitz & Jordan, 1975; Rogers, 1977; Emanuelsson et al., 1998; Li et al., 2000) , we investigated the similarities of genotypes between mother and child in a subset of 16 children with high levels of S. mutans (¢100 c.f.u. per area) at the end of the study (T 18 ). All of the mothers analysed carried detectable levels of S. mutans. Eleven mothers (68.8 %) carried high levels of S. mutans (¢100 c.f.u. per area), and nine of them (56.3 %) carried more than one S. mutans genotype. However, matching genotypes were detected in only half of the mother-child pairs (n58). Among the mothers who shared S. mutans genotypes with their child, seven carried high levels of S. mutans (¢100 c.f.u. per area) and one showed low levels of S. mutans (1-20 c.f.u. per area). The low frequency of genotype matching among the mother-child pairs suggests that these nursery children were exposed to diverse sources of S. mutans. It was reported previously that maternal S. mutans genotypes are observed less frequently in nursery children Tedjosasongko & Kozai, 2002) than in children who stay at home (Li & Caufield, 1995) . Although genotypes detected in children but not in mothers or other family members have been repeatedly reported in several populations Redmo Emanuelsson & Wang, 1998; Kozai et al., 1999; Li et al., 2000; Tedjosasongko & Kozai, 2002; Klein et al., 2004) , there is still limited information about non-familial sources of S. mutans transmission (Tedjosasongko & Kozai, 2002; Mattos-Graner et al., 2001b) .
The findings of this study indicate that S. mutans strains may be transmitted from child to child during the initial stages of oral colonization in nursery environments. Although horizontal transmission was not a major event, the low frequency of detection of maternal genotypes in the studied children further indicates various sources of S. mutans initial transmission. There is suggestive evidence that initial S. mutans colonization may be controlled through antimicrobial suppression of S. mutans levels in mothers before or during their child's window of infectivity (Köhler et al., 1983; Gripp & Schlagenhauf, 2002) . This approach may be less effective in susceptible child populations who are exposed to diverse sources of S. mutans.
